from Michigan State University. His area of expertise is in cementitious composites which includes: fracture and fatigue mechanics of quasi-brittle materials, recycled concrete, conductive concrete, reinforced concrete, pervious concrete, geopolymer, and structural dynamics. He currently teaches a wide array of courses that includes statics, reinforced concrete design, structural analysis, and materials engineering. Dr. Brake actively integrates project based and peer assisted learning pedagogies into his courses.
Introduction
According to the Accreditation Board of Engineering and Technology (ABET), engineering graduates must have the ability to apply math and science to engineering problems, conduct experiments, design a system, function in multi-disciplinary teams, and communicate effectively, among other skills 1 . The challenges of student retention are significant and a difficult problem to solve because of the analytical and technical skills required to succeed in engineering. Students' decision to leave engineering often depends on self-efficacy and self-confidence 2 ; preparedness, race, and gender 3 ; and social pressures 4, 5 , among other factors.
Educators have attempted to address the declining numbers of engineering students by changing the educational paradigm and introducing first-year beginner-level courses focused on engagement, motivation, and preparing students for the rigor of an engineering education at the university level. First-year introductory engineering courses have been utilized by universities to help support students who may have otherwise been ill-prepared to succeed in a rigorous engineering program, help to develop rudimentary skills, help to foster collaborative environments, and help to build confidence.
First-year programs have been shown to be effective in retaining students 6, 7, 8 , increasing GPA 9 , and providing a broader understanding of the engineering discipline 10 . Duncan et al. 11 reported that a zero credit integrated seminar course benefited students in several ways, including in their academic major selection. Budny 12 reported a successful first year engineering seminar that utilized peer mentors as contact points that provided encouragement and guidance. Cuseo 13 studied the outcomes of many first-year engineering seminar programs at different institutions and concluded, in general, many of the programs produced higher retention rates, higher graduation rates, shorter degree completion times, and higher GPA. Padgett et al. 14 found that first-year seminars can enhance students' life-long learning orientations and positively impact complex learning processes. Franchetti 15 showed that integrating case studies and discussion topics into first year courses improved student retention rate, GPA, higher cognitive learning, self-efficacy, and overall satisfaction of the course. Hands-on project based activities integrated into the freshman curriculum have also been shown to positively impact student performance. Kalkani et al. 16 reported that hands-on projects make students appreciate the values of cooperation, performance of tasks, quality of results, and reporting effectiveness. Behrens et al. reported that freshman hands-on projects can improve programming skills, enhance motivation, and enable the peer learning process.
There is a wide spectrum of first year engineering course frameworks that vary significantly by credit hour and pedagogy; ranging from one-credit hour seminar-type formats--providing a broad overview of the engineering discipline and student success strategies, to high credit-hour formats that integrate peer assisted, project based or active learning pedagogies. No consensus has yet to be reached on the optimum pedagogy, course delivery method, and total number of credit hours needed to successfully support, engage, and motivate, first-year students in their pursuit to completing an engineering degree.
At our University, the college of engineering offers a one-credit seminar to first-year students covering topics in career advice, professional organizations, discussion of different engineering disciplines, automation, lean engineering, and project management. Starting in fall 2015, the civil engineering department began offering a one-credit, discipline-specific introductory course. The course covers topics ranging from earthquake engineering and cement hydration, to student success and resume building. The students are placed into groups of 4-5 and are required to work together to solve several hands-on projects. Both courses are one-credit to minimize operating costs and avoid exceeding the 120 credit hour limit imposed by the State University system. According to data collected in a paper published by Honken and Ralston 18 , the top four reasons for choosing a major are: 1) interest, 2) job availability, 3) salary, and 4) confident in one's ability to succeed in the respective discipline. There is need to better understand the differences between career-based and project-based seminar courses and their respective impacts on engineering self-confidence. In this paper, two different one-credit, first-year introduction to engineering courses: seminar and project based, are evaluated to determine their impact on student engineering design confidence and motivation, engineering skills, tinkering, design selfefficacy, teamwork skills, and career awareness. The information provided here can be useful to institutions that are limited by cost and state mandated maximum credit hours; where the use of robust, multiple credit hour first-year introductory courses is not feasible.
Implementation

Career Based Introduction to Engineering-CBIE
The Career Based Introduction to Engineering (CBIE) course focuses on teaching students what engineers do, including the common career paths for engineering students (Design, Project Management, Operations, Sales, and Regulatory). The topics covered include library and learning resources, Co-Ops and Internships including a round table discussion from senior students, resume writing, student organization, on-campus career and placement resources, Civil Engineering as a Career, Chemical Engineering as a Career, Industrial Engineer as a Career, Lean, 5S, Globalization, Automation, and Project Management. How Internships and Co-ops aid in professional development is also stressed in the course. While Internships and Co-ops are not required, the vast majority of our graduates have paid professional employment related to their major prior to graduation.
The CBIE course is taught in a large lecture classroom to 120+ students. The course is taught by an associate professor who enjoys teaching large sections to freshmen. The students come from chemical engineering, industrial engineering, and civil engineering as such topics must be of interest to all majors with a focus on topics not covered in later courses. Lean, 5s, Automation, Project Management, and Globalization are wide topics that impact all engineering disciplines. The lectures are non-technical and incorporate recent news items and trends. For instance, the 2015 class discussed the "Industry 4.0" buzzword as part of the Automation and Globalization lectures.
The CBIE course grading is based primarily on 3 assignments and attendance. The course has a large career project where students explore what engineers do, based on reviewing job postings on indeed.com or other career websites. The course also requires a resume and reading assignment on Lean Engineering in the chemical industry. The class has an average grade distribution of 3.7 that is much higher than other University engineering courses. The topics covered in the course are summarized as follows:
 Introduction: Engineering as a career is discussed including resume writing, job search and overview of the engineering labor market.  Library and Learning Resources: A discussion of library resources.  Student Organization and Internship Round: A presentation from student organization where each organization is given 5 minutes. After the five-minute talk, the student organization members are asked to discuss co-op and internship experiences.  CO-OP / Internship Guest: Guest speaker from the engineering co-op office who discusses the co-op program and on campus interview process.  Data Analysis (with Pivot Tables): A brief introduction to Excel with a focus on data analysis. The lecture also discusses the importance of Excel and data mining in industry today.  Trends in Engineering (Automation): A discussion of the role of automation in industry and a discussion of Industry 4.0.  Civil Engineering: Guest speaker on Civil Engineering as a career.  Chemical Engineering: Guest speaker on Chemical Engineering as a career.  Industrial Engineering: Guest speaker on Industrial Engineering as a career.  6s (5s+Safety): A introduction to 5s and safety.  Lean: An introduction Lean with a focus on why engineering management philosophies are important to industry and an engineering career.
 Project Management: An introduction to project management with a demonstration of MS Project. The lecture also presents project management as a career path for engineering students.  Trends in Engineering (Globalization): A discussion about the impact of globalization on a career in engineering.
Project Based Introduction to Engineering-PBIE
The Project Based Introduction to Engineering (PBIE) course focuses on the design and analysis of civil engineering systems and was offered only to civil engineering students. The course is taught by an assistant professor in the civil engineering department specializing in structural and materials engineering. The students met in a small classroom (20 student capacity) located in the civil engineering teaching laboratory once per week for one hour and twenty minutes. The classroom was equipped with four large tables capable of seating up to five students, four computers, a projector, and a 3D printer. Each computer was equipped with Microsoft Office® AutoCad®, STAADPro® and PASCO®. The students were provided with weekly lecture material via PowerPoint presentations and embedded video tutorials. All lecture material and project descriptions were made available to the students four to five days prior to the lecture.
The instructor lectured for 20 minutes on a specific topic; providing a summary of the real world design and analysis applications, theoretical background, and provided a summary of the tasks required to complete the respective weekly project. The students were then given 60 minutes to assemble the experimental components, execute the experiment and collect data using a spreadsheet.
The room remained open from 9 am to 5 pm Monday through Friday for students to complete the data collection process or work on other miscellaneous items if not completed during class. Each group was required to submit a 3-4 page project report containing an Abstract, Introduction, Methods, Results, Discussion, and Conclusion in compliance to given formatting requirements. Grades were assigned based on the total group and individual performance (assessed using peer evaluations). The topics covered in the course are summarized as follows: 
Methods
Survey instrument
A 40 question pre-and post-qualitative online survey instrument was used to assess engineering design confidence and motivation, engineering self-efficacy, teamwork skills, and career awareness and is shown in Table 1 . The survey was given to the students during the first and final week of the semester to assess the gains in each of the mentioned categories. The survey was comprised of questions from the questionnaire published by Mamaril 19 and Carberry et al. 20 that are used to measure general, skills, tinkering, and design self-efficacy, and students' engineering design motivation and confidence, respectively. The first 18 items were taken from Carberry et al. 20 which uses a 11 point Likert scale ranging from 0 to 100 with ten point increments; and shown to have excellent internal group reliability (Cronbach alpha of 0.96 and 0.95, respectively) and significantly differentiate motivation, anxiety, and confidence. The following 14 items were taken from Mamaril 19 , which uses a six point Likert scale ranging from 1 to 6 with one point increments and used to quantify general self-efficacy, skills self-efficacy, tinkering self-efficacy, and design self-efficacy, respectively. The 12 items were created by a panel of engineering, psychology, and education experts and found to have good internal group reliability; having a Cronbach alpha ranging from 0.93 to 0.86. The remaining eight items were created in this study to quantify students' teamwork skills and career awareness using a six point Likert scale. 
Hypotheses
The focus of this study is to evaluate and compare the outcomes of two different first-year engineering courses: career-based and project-based. This research aims to examine three hypotheses:
 The PBIE course will not yield significantly different pre/post mean ranks to career awareness, engineering skills self-efficacy, design confidence, motivation, tinkering, and teamwork skills.  The CBIE course will not yield significantly different pre/post mean ranks to career awareness, engineering skills self-efficacy, design confidence, motivation, tinkering, and teamwork skills.  The PBIE course will not yield significantly different mean ranks than the CBIE course in career awareness, engineering skills self-efficacy, design confidence, motivation, tinkering, and teamwork skills.
Student survey response population and demographics
A total of 92 students fully completed the survey during the first week of the CBIE course, and 14 students completed the survey in the PBIE course. Of the 92 students, 13 were civil engineering majors (denoted here as CBIE-Civil). The post-course survey completions were similar: 94 students fully completed the survey in the CBIE course (14 CBIE-Civil), and 15 students fully completed the survey in the PBIE course (all civil engineering majors). Surveys were discarded if not fully completed. Tables 2 and 3 show the demographics, college major distribution, and SAT V+Q scores of the students in the PBIE and CBIE courses. 
Data analysis
The responses were separated by time of completion (pre/post) and course: CBIE, CBIE-Civil, PBIE. The pre/post gains in each of the engineering analysis and design dimensions (engineering design motivation and confidence, general self-efficacy, skills self-efficacy, tinkering selfefficacy, design self-efficacy, teamwork skills, and career awareness) were quantified and tested for significance (at a confidence of 95%) within each of the three student populations (test: PBIE; control: CBIE and CBIE-civil). Design confidence was measured by pooling item responses 2-9 (Confidence 2-9), design motivation was measured by pooling item responses 11-18 (Motivation 2-9), general self-efficacy was measured by pooling item responses 19-20 (General SE 1-2), skills self-efficacy was measured by pooling item responses 21-25 (Skills SE 1-5), tinkering self-efficacy was measured by pooling item responses 26-28 (Tinkering SE 1-3), and design self-efficacy was measured pooling item responses 29-32 (Design SE 1-4) as shown in Carberry et al. 20 and Mamaril 19 . Teamwork skills were measured by pooling item responses 33-36 (Teamwork 1-4), and career awareness was measured by pooling item responses 37-40 (Career 1-4) . The individual item pre/post data is also provided for additional detail. The grouped and itemized post-survey results were also compared between the three student populations.
The hypotheses were tested using the non-parametric rank-sums Mann-Whitney U test at a confidence of 95%. Note, while a significant change cannot be directly attributed to a one-hour course, the survey provides a reasonable estimate of how students perceive their skills within a given error.
Results and Discussion
The rank sum Mann-Whitney U test was used to evaluate the null hypotheses to determine if statistically significant differences between pre-and post-survey mean ranks within the CBIE, CBIE-civil, and PBIE populations existed, respectively; and if statistically significant differences in post-course means between the PBIE and CBIE and PBIE and CBIE-civil populations also existed. Table 4 shows a summary of the pre-and post-grouped survey results. The data indicates CBIE students experience significant gains in design confidence, design self-efficacy, and career awareness, respectively. The PBIE students' experience significant gains in design confidence and engineering skills, but not career awareness. Comparison of the post-survey results shows that the PBIE student population has significantly greater design confidence, motivation, engineering skills, tinkering skills, design self-efficacy, and teamwork skills. Table 5 shows the individual item pre-and post-survey results for the CBIE and PBIE courses. The CBIE course produced significant gains in design confidence (Confidence 1,2,5,6,8,9) and career awareness (career 1,3): "I understand what engineers do in practice" and "I understand how to find a job (resume, job search, and interview skills)". The PBIE course produced significant gains in design confidence (Confidence 2,8): "Identify a design need" and "Communicate a design", and skill self-efficacy (Skill SE 4): "I can communicate results of experiments in written form". Note, although most of the individual items show mean gains within the PBIE population after the completion of the course, the small sample sizes in each of the groups, limits the statistical significance. However, for the nine measures of confidence, the PBIE course showed gains in each category.
Gains to engineering design confidence were expected in the PBIE course, but not necessarily in the CBIE course. Students in the PBIE course are asked to computationally and physically design a windmill blade system using an iterative design process containing conceptual, computational, testing, and optimization dimensions. In the CBIE course, the focus is placed on broad understanding of the engineering discipline; specific hands-on design examples are not covered. It appears however, students' confidence is affected by simply discussing and providing examples of various designs and engineering tasks across multiple disciplines.
In general, the two courses do not produce gains in student design motivation. The motivation pre-and post-scores in all three populations is relatively high (>70) which indicates the students are motivated to conduct design. The post-course mean in the PBIE population, however, is higher than in the CBIE population. Gains in the PBIE population were observed in skills self-efficacy which measures computational and communication skills. Students' perception of the written skills drastically improved in the PBIE course which is evidenced by the 1.41 mean difference in the pre-and post-course results shown in item Skill SE 4. This outcome was expected since this was one of the major emphases of the PBIE course: conduct experiments, analyze data, and write technical reports. The results suggest that the course is instilling confidence in student and might provide some skills level as suggested by other researchers. 6, 7, 8, 16 The CBIE course did not yield gains in engineering skills which was expected since it was not the focus. Gains in student tinkering skills are also not observed in either course. This is a somewhat surprising result for the PBIE course since the students are required to assemble and dissemble experimental components, and required to draw and build 3D printed windmill blades which would presumably impact this dimension. The post-course means in the tinkering category, however, are significantly greater in the PBIE population when compared to the CBIE.
Neither the CBIE and PBIE courses yielded gains in teamwork skills; this is not surprising for the CBIE course, which did not incorporate team activities. In the PBIE courses, however, students completed weekly team projects, which would presumably impact this dimension/category. However, the post-course means are higher in the PBIE course than in the CBIE course. Some students reported issues with certain group members which may have lowered the post-course survey in the PBIE course. The CBIE course yielded gains in career awareness, which was expected since this was the focus of the course showed improvement in understanding what engineers do in practice and job search skills. In two out of four career questions, CBIE demonstrated gains. These results are consistent with the literature 10 . The PBIE course, discusses specifically the civil engineering discipline and does not provide a broad perspective. It should be noted, however, the post-course mean ranks in this category are not significantly different.
A recent statement by American Statistical Association (ASA) 21 has drawn attention to the limitation of p-values. With the p-values adjusted for false discovery rates using the BenjaminiHochberg 22 procedure at α=.05, the CBIE Teamwork 1 and Teamwork 3 questions are the only pre/post questions with the significant difference after adjusting for the number of survey questions. For the PBIE pre and post surveys, the sample size was too small (14 pre /15 post) compared to the 40 questions to reasonable anticipate that the Benjamini-Hochberg procedure would find any significant differences. Unsurprisingly, none of the p-values were significant at α=.05 after adjustment with Skill SE 4 (writing) being significant at α=0.16. Based on the topics in PBIE, one would anticipate that the design questions and the writing questions would be the most likely to see improvement as shown in the survey results.
Student comments-CBIE
What was the most valuable thing you learned in this course?  How to interview  How to build a resume  Lean  I learned the basics of how to approach engineering, I also learned how great engineering is and I am excited for my next steps.  Researching actual jobs  Each field of engineering has specific skills and requirements needed to be successful in that field. Some are similar to other fields and some are vastly different.  I learned how to find jobs on Indeed.  Skills that I need to focus on improving or developing, such as using computer software and communication.  Excel, resume building, and interview questions  How to use computer programs such as Excel.
What is your largest criticism of this course?
 I would have really enjoyed an actual hands-on project. I know lots of information, but I haven't been able to practice applying it.
 I would have liked to hear from more guest speakers.  Maybe get the students more involved in participating.  I wish we had more hands on activities in class.  Some of the subjects were a little broad  Wish we could have had an assignment using these programs.  I have no criticisms.  Brief and good  I feel like I could have learned more if the course was more than once a week  A lot of different engineering crammed into one semester.
Student comments-PBIE
What was the most valuable thing you learned in this course?
 What engineers do in the actual field  Learning what engineers do in the actual work force.  I feel that it mostly helped with skills that involve working in groups.  Team work is essential for the success of an engineer.  Excel solver. This was one of the most helpful things in excel and I never knew it existed. It is helpful on so many levels.  That I enjoyed it and working in a team was kinda cool  The way to write a paper in a format that engineers use.  The most valuable thing I learned is how to structure and write a report. I also gained experience in coordinating a group to complete a report.  Definitely the ability to lead a team to success even when I am not the team lead  How to use excel to solve certain complicated equations, the basis of technical writing, and general concept of CAD pro.
 Classroom was a bit small in comparison to class size  The only complaint was the size of the classroom, it was a bit small.  Writing of the report was the greatest challenge we faced as a group and as individual.  We didn't get to do very much designing. Designing the windmill blade and the spaghetti bridge were the most interesting parts of the class.  I think this class needs to be at least two times a week in order for the students to gain a better perspective over the different aspects of engineering.  We used a lot of excel but i haven't had much experience with excel prior to this course.  Need a better explanation of solver because it has given us fits every time we try to use it.
Grading is a bit harsh for an intro class, but it sets us up for higher level classes  I wish there were less analyzing and more designing. A lot of our projects involved us getting the data and plugging it in excel. The final project to optimize the windmill blade is a lot of fun and wish there were more projects like that one.  Don't have one  I cannot criticize this course. It was very informative in the field of Civil Engineering and assured my belief that it was the profession for.
Conclusion
Both courses achieved their primary objectives. The project based course yielded significant gains in engineering skills self-efficacy, and engineering design confidence. The project based course also dramatically improved students' perception of their technical writing abilities. Given writing skills are considered a weakness in our student population, any mechanism to improve written communication skills is of particular interest to our engineering programs. The project based course yielded significantly higher post-design confidence, motivation, engineering skills self-efficacy, tinkering skills self-efficacy, and teamwork skills self-efficacy than the career based course. The career based course yielded significant gains in career awareness in the areas of finding a job and understanding what engineers do in practice. The career based course assignments of developing and reviewing a resume and searching job postings for the purpose of learning what engineers do in practice are tools that can be transferred to other introductory courses to improve career awareness and motivate students. The finding of this study will guide the college in determining the future curriculum for Introduction to Engineering.
Future Research
The research team intends to investigate the effects of using different instructors on students' perceptions and engineering self-efficacy and analyze year retention and GPA data when it becomes available for analysis.
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